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(57) Abstract 

In a method and an apparatus for the manufacture of reinforced ply fabric material (11, 12) for use in construction 
of a pneumatic tyre one or more elongate strips (1 1, 12) of flexible reinforced polymeric tape are wound helically around a 
mandrel means (36) with successive turns in contact to form a tubular structure much wider than the width of the tape (11, 
12). The tubular structure is then cut across its width and removed from the mandrel means (36) in the form of a sheet of 
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« 

A MEfflOD AND AN APPARATUS FOR THE MANUFACTURE OF PLY FABRIC MATERIAL 

This inventiDn relates to a method and apparatus for t±ie 
manufacture of ply fabric material and in particular, although not 
exdusLvely, to the manufacture of ply fabric material for use in the 
5 construction of reinforced elastomeric articles such as radial or cross ply 
type pneumatic tyres. ... 

In the manufacture of flexible reinforced polymeric sheet 
material which is commonly known as ply fabric material^ especially in 
connection with the manufacture of pneumatic tyres, it is established 
10 practice to empiloy a large calender which produces two superi.ra posed and 
unviilcanised rubber films or veneers between wMch is fed a textile fabric 
reinforcing web of a width equal to that of the films. The fabric 
' reinforcing web comprises a pbrality of mutualLy. parallel warp cords which 
extend Lengthwise between the films and transversely extending weft 
.15 elements which assist in maintaining relative alignment of the warp cords 
during calendering. During calendering the fabric web becomes 

■ 

impregnated by the unvulx^anised rubber films. 

The resulting long length rubberised ply fabric material is 
batched by winding into large rolls. Subsequently it is cut into 

20 individual reinforcement sheets of rhomboidal or rectangular shape and the 
original side edges of the sheets when in the initial long length roll are 
then joined successively in a side-by-side .manner such that there is 
produced a new re-orientated length of material in which the cut edges form 
the new outer edges of the re-orientated length. The new length of 

25 ' material is then batched into one or more further, processed rolls. 

The processed- rolls so formed are then transported to tyre 
building machines where the fabric is fed out, wound around a tyre building 
former to create a band which extends fuHy around the former, cut to 
length and completed with an overiap joint. 

30 When applied around the former the warp cords ^dU lie parallel 

with the axis of the former in the case of long length ply fabric which was 
cut into rectangular dieets or at an oblique angle, typically in the range 
from .0 degrees to 70 degrees in the case where the. ply fabric was formed 
into rhombcddal shaped sheets. 
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. . The manufacture, processiiig and handling of such large rolls of 
ply fahdc necessitates the use of large, heavy and costly equipment which 
is expensive to run and maintain and which is not well adapted to producing 
articles of a range of sizes. 

5 Additional problems can arise in the case of tyre fahdc having 

warp cords made of high tensile wire and in particular cords of a cabled 
constructiDn. It is then necessary to provide large creels containing 
several hundreds of drums of single wires and tins takes up a considerable 
• amount of factory floor space. . . - . . ' • 

10 Each wire 'must be fed through its own tonsLbnii^g' system and a 

number of collecting and sepacating frames before entering a final 
collecting . frame and then passing over guide roEDLers into a calender- 
Threading the large number of wires is ti.me-consuming and costly. 

The miiltipiicity of wires are fed between two layers of 

15 unviilcanised rubber compound which the " trip of tiie calender causes to 
impregnate into the spaces around and between the wires. The resulting 

■ 

long length ply fabdc ;is then batched by winding into large rolls for 
subsequent storage and later transported to fabric cutters. At the 

fabric cutters the rubberised ply fabric is cut into sheets which are then 
.20 joined in a side-by-side manner as described above in respect of textile 
.reinforced ply fabric. 

Thus many of the probLsms encountered in producing textile 
reinforced ply fabric material arise also in produciBg wire rdnforced ply 
fabric materiaL 

25 .An object of -the present invention is to mitigate or overcome 

the above described problems associated wiiii established practices for the 
manufacture of textilB or wire reinforced ply fabric material or like 
reinfoixed polymeric sheet materiaL 

Ih accordance with one of its aspects the present invention 

30 provides a method for the manufacture of ply fabric material comprising 
forming an elongate strip of fl.exibT.ft reinforced polymeric material of a 
Idnd comprising warp reinforcing elements embedded in polymeric material 
and arranged to extend in the direction of tiie length of the strip, winding 
said elongate strip helically around mandrel means with successive turns 

35 of elongate strip material in edge contact, thereby to form around the 
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mandrel means a reinforced tubular structure the width of which, as 
considered in the direction of the length of the mandrel, is greater than 
that of the eljDngate strip material, cutting said tubular structure across 
its width and then i^emoving the cut material from t±ie mandrel means to 
5 provide a sheet of flexible reinforced polymeric materiaL 

The cutting operation may be performed to cut the tubular 
structure parallel with the length of the mandrel means thereby to result 
in a rectangular shaped sheet. Alternatively the cutting operation may 

• be perform ed to cut the tubular structure helically relative to the 
lb longibudinal axis of the mandrel means thereby to result in a sheet of 

rhombcddal shape. The helical cut may be obtained by moving cutter means 
helically .relative to the mandrel means or by moving the cutter, means 

• across the width of the mandrel means, preferably in the direction of the 
length of the mandrel means, whilst sLmiiLtaneouaLy rotating the tubular 

15 structure on the mandrel means. The latter method of helical cutting has 
the advantage that the angle of the cut may be varied easily by changing 
the speed of traverse of the cutter relative to the speed of rotation of 
the tubxiLar structure and there is then no need to provide means for 
enabling a cutter to move relative to the mandrel means in any of a range 

20 " of helical paths. 

Preferably the method comprises also using or forming and using 
an elongate strip of flBxible polymeric material of a kind, and/or formed by 
a method, the subject of our co-pending United Kingdom Patent Application 
of even date entitled "FlexibLe . reinforced polymeric material". That elongate 

25 strip may be described as a strip having uncovered edge regions. During 
helical winding on the mandrel means neighbouring edges may be caused to 
overiap and optionally interlock to form a helical joint the thickness of 
which corresponds with the thickness of the main body of the strip 
materiaL Either one strip may be wound around the mandrel means or two 
30 or more strips may be wound simulLaneously in the manner of a multi-start 
helical thread. 

The method may further comprise applying the cut sheet material 
to a former, such as a tyre birilding former, with the warp cords extending 
obliquely or at right angles relative to a plane perpendicular to the 
35 longitudinal axis of the former. 
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la accordance with another of its aspects ,the present invention 
provides a mandrel statiDn for the manufacture of pLy fabric material 
compdsmg mandrel means compriang at least two rotatabLy mounted 
support drums, an endless support belt which extends around said drums, a 
5 belt guide means assembly around which the belt extends between the drums, 
said guide m eans assembly being arranged to guide the . belt whereby it 
defines a pedpheraEy discontinuous mandarel support surface, and associated 
with said mandrel means strip guide irieans to guide strip material for 
holir^l winding around the maiKirel means and cutter means arranged for 
10 traversing movement relative to the mandrel 'means in the region of said 
. belt gudde means assembly. 

The belt guide means assembly preferably is of a kind which 
guides the belt around a locally inwardly extending path such that there is 
a discontinuity . in the externally visible support surface provided by the 
15 endless support bel£» 

Additionally* the apparatus may comprise applicator means for 

• 4 

cutting, hoi£ng and feeding reinforced strip material, also referred to as 
a "tape", to the mandrel support surface, transfer means for transfprring 
the mandrel means j&om a snip winding station to a cutting and removal 
20 station, handling means for removing cut material from the mandrel support 
surface and drive means to drive the endless support belt. 

A typical method in accordance with the present invention- for 

■ ■ manufacturing a sheet of ply fabric material starts with the production of 

a composite and consolidated reinforced tape in wMch a plurality of 
25 parallel warp cords are fed under a predetermined tension from a creel to a 
collecting frame .which gathers the .cords together into parallel alignment 

■ ■ 

prijor to feeding into a calender where they are sandwiched between and 
impregnated into two rubbery films. 

The reinforcement filaments of the cords may be of any material 

30 generally used in tyre reinforcement manufacture, for example rayon, nylon 
or steeL The filaments may be in the form of cord which is treated to 
enable it to adhere to rubber but no rubber coating is necessary prior to 
the cord entering tiie calender, which eliminates handling problems usually 
associated with rubberised cords. 

35 Application of the tape to a rotatable mandrel means takes 



« 

5. 

place through an., applicator means, which travels over the mandrel support 
surface parallel to its longitudinal axis, at a speed which is reJated to 
the belt speed so as to give the correct and carefuU.y contrdEed ovedap 
of each successive turn of the tape. 
5 The width of the tape may be varied selectively by means of 

« 

•interchangeable sleeves in the* calender and by varying the number of cords 
passing through the calender. Thus a range of lengths of tubular ply 
fa br ic- of helically wound tape, as measured in the direction of the axis of 
the mandrel means can be achieved. 

10. The mandrel means may comprise a mandrel support surface the 

effective peripheral Isngth of which is selectively variable in order that a 
wide range of .sizes of ply fabric material may be produced without wastage. 

When a sufficient length of tape has been produced and fed to 
the mandrel m.eans it is .cut at the tape applicator- so as to bring the cut 

15 end in line with the start of the wind. 

The mandrel means is transferred to a cutting and ply removal 
station where a cutter runs substantially parallel to the axis of the 
mandrel means, or at some angle thereto, depending on the bias angle 
required at the tyre building machine. . The cut line preferably is 

20 coincident with the starting and finishing ends of. the tape, so as not to 

■ » 

create any wastage. 

The line of the cutter may be set at a small angje to the axis 

ft 

of the mandrel means in order to compenisate for the slight angle produced 
by helical winding. * This enables productiDn of fabric which has cords 

25 extending at right angles to the cut edges. 

If the cut is made at a greater angle than this to the axis of 
rotation of the mandrel means the resulting ply pieces will have cords 
extending at an oblique angle to the cut edges. This is what is referred 
to as a '*hLas-cut fabric". 

30 After cutting the tubular ply of fabric into a sheet the belt 

may be rotated to bring a raised cut edge to a set posLtion below the 
•mandrel means in order for a carriage to move into posltiDn and remove the 
ply fabric sheet. 

The carriage contains means for clamping the exposed edge of the 
35 cut ply, so that it may be pulled off the surface of the mandrel means and 
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laiH xipon a component carrier whereby the cut pLy edges overhang the edges 
of the carrier. 

The carriage also contains means for sensing the outer edges of 

the ply pieces so as to centralise the pLy accurately upon the carrier, 

' 5 This compensates for the variation of the positions of subsequent ply 

pieces around the mandrel means due to the helical winding effect. In 

addition, stepper motors within the carriage control the position of the 

cardec for precise alignment of the carrier relative, to the ends of the 

ply. Means is provided for securing the ply to the carrier. 

10 . Em'bodimenfs of the invention specific to textile ply fabric used 

in radial tyre .production will now be described by way of example with 

reference to the accompanying diagrammatic drawings, in which: 

. Figure 1 is . a vLaw of apparatus for forming tyre fabric in. 
. ". . . ■ • ' 

accordance with the invention,. 

• • " " *. - ■ 

15 Figure 2 is a sectipnal. view of one form of the upper half of a 

tape, : 

Figure 3 is a sectional view of the lower half of a tape whidi 
is complimentary to the top half shown in Figure 2, 

.Figure 4 is a sectional viaw of another form of the upper half 

- • 

20 of a tape, 

Figure 5 is a sectional view of the lower half of a tape which 
is. comp3im.entary. to the top half shown in Figxire 4, 

Figure 6 is a sectional view of the composite consolidated tape 
•produced by both forms shown in Figures 2, 3, 4 and 5, 
25 • Figure 7' is an isometric view of a mandrel means showing a 

completed tubular winding of tape, 

Figure 8 is a longtitudinal sectional view of the final tubular 
ply fabric envelope as it appears on the mandrel means showing the special 
ends produced by use of a tape in tiie form diown in Figure 6, 
30 Figure 9 is a view of the mandrel means at the ply cutting and 

removal station showing a cutter arid clamps for gripping the ply on the 
carriage, prior to removal of the ply firom the mandrel means. 

Figure 10 is a view of a six-roU calender looking downstream 
and showing means of adjusting the width of tape and means of adjusting 
35 the final guage of the tape. 
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Figure. 11 is a plan 'view of the apparatus showiDg that the 
winding statijDn and the ply cutting/removal station may be part of a turret 
which may consist of one or more winding and ply cutting/removal stations, 

and 

5^ Figure 12 is a plan view of an alternative layout showing a 

shuttle system, whereby one tape producing apparatus winds tape onto one or 
other of two mandrel means fitted to a carriage which is able to shuttle 
from one pLy cutting/removal station to another. 

Referring first to Figures 1-4, Figure 1' shows a diagram matic 

10 view, of apparatus in accordance with the invention in which pre-treated 
ctnrds 1 are fed from cheeses or. cones 2 in a creeL 46 (shown in Figure 11) 
through individual tensioning units 3 to a cord collecting frame 4. 

At this point the cords may be divided into two sets of cords of 
many different configurations, prior to being fed into the central nip of a 

15' sbc-roU . calender 47 (shown in more detail in Figure 11). Rubbery 

■ 

compound producied by two small cold feed extruders 48 (see Figure 11) is 
introduced ia rod form iato the calender at two locations: firstly between 
calender rolls 5 and 6 and secondly between roUs 7 and 8 (see Figure 1). 

A small rolling bank of compound (not shown) is maintained 
20 : between roHs 6 and 9 and between roHs 8 and 10, these paired rolls 

• respectively producing the upper 11 and lower 12 films of rubber for the 
contruction of the tape. , 

Rolls 5, 7, 9 and 10 are male roHs which fit closely inside the 
female roUs 6 and 8. The rolls are constructed in such a manner that 
25 changes in . width can quickly be achieved and bearing housings for the rolls 
are . m ounted in such a way that rubber guages can be changed easily. 

An upper set of cords 13 from the collecting frame 4 passes over 
grooved guide and pressure roller 15, which embeds the cords into the 
rubber veneer 11 against the calender roH 9. Similarly a lower set of cords 

« 

30 14 from the collecting frame 4 passes over a grooved guide and pressure 

• roller 16 which embeds the cords into the rubber veneer 12 against the 
calender roll 10. 

The upper and lower sets of cords 13 and 14, respectively, are 
so arranged as to be complimentary to each other. For example, they may 
35 be arranged as shown in Figures .2 and 3, or Figures 4 and 5, or in a 
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variety of other ways inchiding those described in our aforementioned co- 
pending United Kingdom Patent Application of even date entLtied "BlexihLa 
Reinforced Polymeric Material"^ 

If edther. of the configurations shown by Figures 2 .-5 are used 

5 the final form of the tape appears as shown in Figure 6, with the upper and 
lower rubber veneers 11, 12 transversely offset. The staggering of the 
upper and lower veneers 11, 12 -is achiBved by offsetting the upper half of 
the calender with. respect to the lower half, as shown in Figure 10. This 
offset is important in order to achieve the "jointLess" ply construction. 

10 . The upper half of the. calender, consisting of rdls 5, 6 and 9, 

is abLa to move sideways as indicated by arrow A of Figure 10 in order to 

ft 

acMfive the offset. Geared motors 17 and 18 drive the upper and lower 

halves of the calender through respective gear sets 19, 20 and 21 and 22, 
23 and 24. . The final nip between rolls 9 and 10 is adjustable by 

# 

15 . movement of the lower half" of the calender in the cfirection of arrow D in 
order to achieve the desired thickness of the resulting composite ply fabric 
tape 25. The ply fabric tape 25 is stripped off roll 10 by a contaict 

■ 

roller 25 and then passes through a festoon 27, which controls the speed of 
liie calender. The tape 25 is then fed to a tape applicator 28 which is 

20 able to traverse in the direction of arrow B of Figure 12 across the face 
of a mandrel means, hereinafter referred to as a mandrel 29, parallel to 
its axis, by means of a driven leadscrew (not shown). 

The tape applicator 28 may be raised and lowered as shown by 
the directiDn . of arrow G in Figure 1 and contains a laying/pressure roller 

25 30, a cutter unit 31, gripping roller 32 and guide rollers 33. Also 
mounted on the tape applicator 28 are a pair of guide rollers 34 which, 
together with a sijnilar pair of rollers 35 mounted on a fixed frame (not 
^own) positioned above and at a SLotable distance from the lower rollecs, 
turn the tape through 90 degrees in order to accommodate the oscillation of 

30 the applicator across the face of the winding member in the directijDn of 
arrow B. 

The leading end of the tape 25 is lairl onto the winding surface 
of mandrel 29 by lowering the applicator 28 so that the laying/pressure 
roller 30 makes contact with the winding surface. The speed of rotation 
35 of the winding surface, the advancement of the applicator carriage and the 
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width of the tape are predeterradxid so as to give the correct amount of 
overlap of tape at each turn and the correct length of the envelope across 
the surface of the mandreL 

At the end of the run of tape 25 the mandrel stops in such a 
5 position that the end of the tape, when severed and laid on the surface, 
aligns axialLy with the start of the tape. The envelope of the wound 

tape is transverse on the mandrel and is shown in cross, section in Figure 

• • • • . 

The mandrel 29 (see Figures 11 and 12) is described in more 
10 detail in our co-pending United Kingdom Patent Application of . even date 
entitLed "Mandrel Means", • Jn the mandrel means an endless belt 37 (see 
Figures 7 and 9) is fitted around two drums 36 and passes around a belt 
guide means assembly in the form of a take-up station consisting of two 
idler rollers 38, an adjustatle roller 39 and an air flotation unit 40. 
15 A complete range of ply widths, measured along the cords 1, may 

thus be obtained by suitable selection of drum centre distances. 

At the ply cutting and. removal station a driven circular knife 41 
is brought into a positfnn (see Figure 9) at which it cuts through the ply 
envelope at an angle equal to the tape helix angle to give a 90 degree cut 
20 to the cdrd line. 

• • • 

During the cutting operation high pressure air is introduced .to 
the flotation .unit 40 to produce a gas (air) jet which raises the lip of the 
ply materiaL This unit is used with low pressure air for the initial 
transfer of the leading end of. the tape across the gap dn the belt at 
25 commencement pf helical winding. Having cut a plurality of ply pieces 

■ 

the cutter may retract to its parked position 42 and a ply- rem oval carriage 

43 (see Figures 9, 11 and 12) moves into position under the mandreL 

A set of clamps 44 mounted on the carriage 43 grips the edge of 

the ply material and piills the ply off the mandrel as the carriage moves 
30 outwards. Dindng. this operation the ply material is accurately posLrioned 

onto a component carrier 45 on which the ply is transported to the building 

drum of a tyre buQding machine. 

It will be appreciated from the above description of the present 

invention that it facilitates elimination or at least reduction of the need 
35 conventionally to provide large creels, calenders, cutting and batching 
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equipment. Furthermore, it facilitates the use of either extensiJila or 

inextensiHe reinforcement material and the attainment of quick changeover 

times from producing material from one type of oord to producing material 

from another type of corxL 

5 Rapid changes in the size of fabric for use ia applyii^ to e.g« a 

tyre bnlfting former may be attained by varying the total width of 

reinforcing tape wound helically around the mandrel means and also by 

» 

adjusting its peripheral dimensixTn. 
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CLAIMSt - - 

■ 

1. A method for the manufacture of pLy fabdc material comprismg 
forming an elongate stx±p of fLexiblje reinforced polymeric material of a 
kind comprising warp rednfoixing elements embedded in polymeric material 

5 and .arranged to extend in the direction of the length of the steip, winding 
said elongate strip helically around a mandrel means with successive turns 
of elongate strip material in edge contact thereby to form around the 
tnancirel means a reinfoEced tubular structure- the- width of • which, as 
considered in the direction of the length of the mandrel means, is greater 
.. 10 than that of the dongate strip material, cutting said tubular structure of 
strip wound material across its width and then removing the cut matedial 

■ • 

feorn the mandrel means to pcovMe a sheet of flexibile reinforced polymeric 

materiaL • 

2. The m ethod of claim 1, wherdn the tubular structure of strip 
15 wbimd material is cut hdix^aHy. 

3. The method of claim 2, wherein the tubular structure is cut 
helicalLy by moving cutter means helically relative to the longitudinal 

» 

direction of the mandreL 

20 ' 4. The method of claim 2, wherein the tubular structure is cut 

helically by moving the cutter means across the width of the mandrel means 
whilst simuLtaneousLy rotating the tubiilar structure on the mandrel means. 

5. The method of any one of the preceding claims, wherein the 
elongate strip is wound onto a mandrel means comprising an endless support 

25 belt arranged to define a peripherally discontinuous mandrel support 
surface for the wound strip. 

6. The method of claim 5,. wherein the cutting operation is 
performed on that part of the tubular structure aligned with the 
discontinuity in the mandrel support surface. 
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7. The method of claim 5 or claim 6, whenem a cut edge of the 
tubiiLar structure is lifted relative to the mandrel surface by means of a 
gas jet. 

8. A method for the manufacture of ply fabric material substantiaEy 

5 as hereinbefore described with reference to the accompanying diagrammatic 
drawings. . ' ' 

9. Ply fabric material manufactured by the method of any one of the 
preceding clai m s« 

. 10. MandraL station apparatus for the manufacture of ply fabric 

10 material comprising a mandrel means comprising at least two rotatably 
mounted support drums, an endless support belt which extends around said 
drums, a belt guide means assembly around which the bett extends between 
the drums, said guide means assembly being arranged to guide the belt 
whereby it defines a pmpheraHy discontinuous mandrel support surface, and 
15 associated with said mandrel means strip guide means to guide strip 
material for helical winding arotmd Uie mandrel means and cutter means 
arranged for traversing, movement relative to the mandrel means in the 
region of said belt gijide means assembly* 

11. Apparatus as claimed in clai m 10, wherein the belt guide means 
20 assembly guides the belt around a locally inwardly extending path such that 

tiiere is a discontinuity in the externally visible support surface provided 
*by the endless suppoi± surface. 

12. Apparatus as claimed in claim 10 or claim 11 and comprising 
applicator means for cutting, holding and feeding reinforced strip material 

25 to the mandirel support siirf ace. 

13. Apparatus as claimed in any one of claims 10 - 12 and comprising 
transfer means for transferring the mandrel means from a strip winding 
station to a ply fabric cutting and removal station. 
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13. . 

14* Apparatxis as claimed in any; one of claims 10 - 13 and comprising 

handling means for removing cut ply fabric material from the mandrel 
support suirf ace* 

15, Apparatus as claimed in any one of claims 10 - 14 wherein the 

5 cutter means is operable to traverse the mandril support surface in 
synchronism vdih rotation of the belL 

* m 

16» . Apparatus as claimed in any one of claims 10 - 15 and comprising 
lifting means operable to lift relative to the mandrel means a cut edge of 

♦ 

strip material applied around the' raandnel means 
10 .17. Apparatus as claimed in claim 16, wherein the lifting means 

* » 

.. comprises a gas jet» 

■ 

18. Apparatus, for the manufacture of ply fatpic material 

substantially: as hereusbefore described with reference to .and as shown in 
-the a^ccompanying diagrammatic drawings. 



wo 89/04246 ifi^l/UiSW/uw^^ 



1/4 




